The Enterococcus faecalis transposon Tn917 is a well-characterized tool in genetic manipulation of gram-positive bacteria. In a variety of bacteria, such as Bacillus species, Streptococcus species, enterococci, Listeria monocytogenes, and staphylococci, Tn917 was used to identify genes related to characteristic phenotypes or metabolic pathways (15, 25, 36, 46, 49, 51, 55) . In the era before the sequencing of complete bacterial genomes, transposon insertion sites were analyzed by cloning or inverted PCR requiring the effort of chromosomal mapping. In recent years several bacterial genomes could be deciphered, including major gram-positive pathogens such as Staphylococcus aureus, Staphylococcus epidermidis, L. monocytogenes, and Streptococcus pneumoniae, as well as the grampositive model organism B. subtilis. Therefore, in the postgenomic era short nucleotide or protein sequences are sufficient for the identification of genes in the respective genomes.
In S. epidermidis biofilm formation is the major pathogenic factor in foreign body-associated infections and leads to increased resistance against antibiotics (14, 22, 26) . Biofilmforming S. epidermidis strains display a mucoid phenotype with large humid colonies under certain culture conditions, as is observed for other bacteria expressing exopolysaccharides. Tn917 mutagenesis identified several genes involved in biofilm formation of S. epidermidis. Five of these mutants are clustered with different orientations of Tn917 in the icaADBC gene locus (29, 30) , which is coding for four synthetic enzymes of the polysaccharide intercellular adhesin (PIA) (13, 16) . PIA is essential for cell accumulation during biofilm formation in S. epidermidis (28) . PIA and biofilm formation as a virulence factor in S. epidermidis could be demonstrated by different animal models (43) (44) (45) . In the sixth biofilm-negative and nonmucoid mutant, the Tn917 insertion is located in the first gene rsbU of the B operon coding for a positive regulator of the alternative sigma factor B (19) . The lack of icaADBC transcription (30) in this mutant indicates a regulatory influence of B on biofilm formation in S. epidermidis. In addition, transduction of this mutation in a methicillin-resistant genetic background leads to reduced susceptibility against oxacillin (31) , which is, like biofilm formation, associated with invasive S. epidermidis strains (12) . The regulation of biofilm formation by B was confirmed recently by allelic gene replacement (J. K.-M. Knobloch et al., unpublished data). Indeed, biofilm formation of S. epidermidis is induced by a variety of environmental stress factors, including antibiotics and disinfectants (9, 11, 20, 39, 41, 42) . However, at the moment it is still unknown which of these stress factors lead to induction of biofilm formation by activation of B . Recently, the icaADBC gene locus was also described in S. aureus (8, 9, 33) , and the B dependence of biofilm formation in this staphylococcal species could be demonstrated (40) . However, the regulation of biofilm formation seems to be quite different in these two staphylococcal species (21) , and the specific differences should be further characterized.
Apparently, screening of S. epidermidis Tn917 mutants iden-tifies gene loci of interest for virulence-associated phenotypes.
To rapidly identify Tn917 insertions, we established in the present study an arbitrary PCR technique for rapid and easy identification of Tn917 insertion sites by investigation of these six well-characterized independent biofilm-negative and nonmucoid Tn917 mutants of S. epidermidis 1457 (19, 30) . In addition, by using the newly established arbitrary PCR method, the Tn917 insertion sites of the biofilm-negative and nonmucoid mutant M12 (30) and two newly isolated nonmucoid but biofilm-positive mutants M16 and M20 were identified.
MATERIALS AND METHODS
Bacterial strains, growth conditions, and isolation of chromosomal DNA. The bacterial strains used in the present study are listed in Table 1 . For the detection of biofilm formation, S. epidermidis cells were grown in 96-well tissue culture plates (NunclonDelta; Nunc, Roskilde, Denmark) or in Lab-Tek Chambered Coverglass cell culture system (Nalge Nunc, Naperville, Ill.) in Trypticase soy broth (TSB BBL ; Becton Dickinson, Cockeysville, Md.) at 37°C. Biofilm formation was quantified after staining with gentian violet by a BEPII ELISA reader (Behring), as described recently (27) . For the detection of a mucoid phenotype, cells were grown on purple agar (Difco, Detroit, Mich.) supplemented with 0.4% N-acetylglucosamine (Sigma, St. Louis, Mo.). To investigate phenotypes on congo red agar (CRA) cells were grown on TSB BBL supplemented with 1% glucose and 1% agar (Becton Dickinson), 0.08% Congo red (CRA TSB ; Merck, Darmstadt, Germany), and brain heart infusion broth (Oxoid) supplemented with 3.6% sucrose, 1% agar, and 0.08% Congo red (CRA BHI ) as described recently (21) . Isolation of chromosomal DNA of S. epidermidis was performed as described previously (27) . Erythromycin was used at a concentration of 150 g/ml for selection of Tn917 mutants.
Transposon mutagenesis and phage transduction. Transposon mutagenesis was performed with the temperature-sensitive plasmid pTV1ts containing transposon Tn917 as described previously (27) . S. epidermidis 1457c/pTV1ts was grown under nonpermissive temperature for pTV1ts under erythromycin selection, and the resulting mutants were screened for a biofilm-negative and/or nonmucoid phenotype. Phage transduction of Tn917 insertions into wild-type S. epidermidis 1457 were performed with phage 71, kindly provided by V. T. Rosdahl, Statens Seruminstitut, Copenhagen, Denmark, as described previously (27) .
Arbitrary primed PCR and nucleotide sequence analysis. Amplification of short DNA-fragments was performed by using the DyNazyme DNA polymerase kit (Finzyme, Espoo, Finland) as described by the manufacturer. Oligonucleotides specific for the 5Ј end (917-5.1, 917-5.2, and 917-5.3; The second round of PCR was performed in a final volume of 100 l with 5 l of the PCR of round 1 as a template. Primer arb3 (20 pmol/reaction) was paired with one of the respective distal Tn917 primers (homologuous to internal nested PCR primers [917-5.2, 917-5.1, 917-3.2, or 917-3.1]; 20 pmol/reaction), and PCR was performed under the following conditions: 30 cycles of 94°C for 30 s, 45°C for 30 s, and 72°C for 1 min, followed by 72°C for 5 min. The samples were then kept at 4°C. The results of this PCR was visualized by agarose gel electrophoresis, and PCRs containing at least one distinct visible fragment were used for further characterization.
Nucleotide sequence analysis was performed by using the second PCR directly with the respective Tn917 internal primers on an ABI Prism 310 sequencer with capillary electrophoresis using the ABI Prism dGTP BigDye terminator ready reaction kit (PE Applied Biosystems, Foster City, Calif.), with 5 to 10 l of the PCR as a template. Nucleotide sequences were analyzed subsequently with vector NTI suite II software. For identification of the Tn917 insertion sites, a basic local alignment search tool (BLAST) search with the sequence represent- 
RESULTS

Evaluation of the arbitrary PCR.
To establish a site-specific arbitrary PCR for the characterization of Tn917 insertions in S. epidermidis, we generated six Tn917-specific primers homologuous to the 5Ј-and 3Ј-end of transposon Tn917. Two additional arbitrary primers, including a conserved 5Ј end of 20 bases (37), 10 random bases, and a specific 3Ј end of five bases adapted to the GC content of about 30% in staphylococci, were generated (Table 2) . To evaluate the functionality of the arbitrary PCR the Tn917 insertion sites of six well-characterized biofilm-negative mutants (Table 1 ) of the biofilm-positive wild-type strain S. epidermidis 1457 were characterized with the arbitrary PCR. In the first round of PCR, a smear of amplified fragments could be detected for all of the six investigated mutants and primer combinations by gel electrophoresis (data not shown). To exclude nonspecific pairing of the Tn917 primers due to the low annealing temperatures in the first round of PCR, we used in the second round the respective distally located Tn917-specific primers. Despite the positive reaction for all primer pairs in the first round in the second, specific PCR round fragments containing Tn917 flanking chromosomal DNA could not be amplified with all primer pairs (Table 3) . However, with the respective Tn917-specific distal primers 917-5.1, 917-5.2, and 917-3.2 fragments containing Tn917, flanking chromosomal DNA could be amplified by the arbitrary PCR for all of the six investigated mutants (Table 3) , whereas with primer 917-3.1 no sufficiently visible fragments could be obtained by arbitrary PCR. However, in a standard PCR assay this primer was fully functional (data not shown).
The Tn917 insertion sites were identified from the resulting sequences of arbitrary PCR fragments by analysis with the BLAST tool of the unfinished S. epidermidis RP62A genome at TIGR's homepage (www.tigr.org). All Tn917 insertions of the yet-characterized mutants could be identified correctly. Thus, the typical 5-bp duplication of Tn917 insertions could be identified in mutants M21, M22, and M24 (Table 4) , whereas only the 5Ј end of Tn917 flanking regions could be cloned for the characterization of these mutants (30) . All arbitrary PCRs were performed twice, and similar results were obtained in both analyses (data not shown).
Identification of the Tn917 insertion in mutant M12. The mutant M12 is characterized by a nonmucoid, biofilm-and hemagglutination-negative phenotype compared to its wildtype S. epidermidis 1457 (30) . By using the arbitrary PCR technique, a 5Ј Tn917 flanking chromosomal DNA fragment of the Tn917 insertion site could be amplified, whereas for the 3Ј site no fragment containing flanking chromosomal DNA was obtained. However, the 5Ј Tn917 flanking fragment was sufficient for the identification of the Tn917 insertion site by a BLAST search in S. epidermidis RP62A, as well as in the recently annotated genome of the icaADBC-negative S. epidermidis ATCC 12228. The correct identification of the Tn917 insertion was confirmed by PCR with newly generated primers specific for the identified Tn917 flanking chromosomal regions (data not shown) and the typical 5-bp duplication of Tn917 insertions could thereby be characterized ( (38) . This DNA motif is highly conserved between the purR genes of S. epidermidis, S. aureus, and B. subtilis (Fig. 1) . In the published sequences of S. aureus, homologous genes could be identified in all annotated genomes (Fig. 2) .
Consensus search for PurBox sequences. The PurR regulator homologues in B. subtilis and L. lactis regulate transcription of depending genes by binding to specific DNA regions, referred to as PurBoxes (17, 52) , which are located in a palindromic way pairwise upstream of regulated genes in B. subtilis (47) . Using the consensus sequence for PurBox sequences in B. subtilis and L. lactis, AWWWCCGAACWWT (17) , no potential PurR regulatory sequences could be identified in the icaADBC operon by a consensus search with a tolerance of up to two mismatches in the low-importance weight bases or one mismatch of the high-importance weight bases of the consensus sequence (47) . In addition, the negative regulator icaR (6, 7) of the icaADBC operon is not preceded by a PurR regulatory sequence. Generation and characterization of nonmucoid Tn917 mutants. Biofilm-negative mutants of the strongly biofilm-positive and mucoid S. epidermidis 1457 displayed a nonmucoid phenotype on purple agar supplemented with 0.5% N-acetylglucosamine (Purple GlcNAc ). However, the connection between biofilm formation and a mucoid phenotype is unclear at present. Therefore, we carried out transposon mutagenesis, and nonmucoid mutants were further characterized with respect to their ability to establish biofilms. Two mutants M16 and M20 were identified displaying a nonmucoid phenotype on Purple GlcNAc compared to the wild-type S. epidermidis 1457 (Fig. 3B) , whereas phenotypes on Congo red agar (Fig. 3C ) and biofilm formation (Fig. 3A) were comparable between the wild type and mutants. The genetic linkage of phenotype and Tn917 insertion of these isogenic mutants was demonstrated by phage transduction of the Tn917 insertions into S. epidermidis 1457. The resulting transductants displayed a phenotype identical to that of the primary mutants (data not shown). The Tn917 insertion sites were subsequently characterized by the arbitrary PCR method, and 5Ј and 3Ј Tn917 flanking chromosomal DNA fragments could be amplified for M16 and M20 and the typical 5-bp duplication of Tn917 insertions could be identified by a BLAST search in S. epidermidis RP62A, as well as in S. epidermidis ATCC 12228 (Table 4 ). The correct identification of the Tn917 insertion was confirmed by PCR by using newly generated primers specific for the identified Tn917 flanking chromosomal regions (data not shown). In both mutants the Tn917 insertion was located in open reading frames homologous to genes related to the phosphoenolpyruvatesugar phosphotransferase system (PTS) of B. subtilis, S. carnosus, and S. aureus.
The Tn917 insertion of mutant M16 was localized at position 110 of an 846-bp open reading frame homologous to the gene of the rho-independent antiterminator GlcT of the B. subtilis and S. carnosus PTS (18, 50) and a respective homologue of S. aureus N315 (accession no. AP003133). Homologous genes could also be identified in all annotated S. aureus genomes (Fig. 2) . Thus, the highest homology of the S. epidermidis glcT homologue was observed compared to the respective gene in S. aureus (Fig. 2) . However, the homology to the respective glcT gene and the GlcT protein of S. carnosus is similar, and all staphylococcal homologues displayed only a moderate homology to the respective B. subtilis genes and proteins (data not shown).
The Tn917 insertion of mutant M20 was localized at position 587 of a 2,025-bp open reading frame homologous to EII proteins of the PTS in B. subtilis and S. carnosus (4, 5, 54 ) and a respective homologue of S. aureus N315 (accession no. AP003129). Homologous genes could also be identified in all annotated S. aureus genomes (data not shown). The homology of the respective putative gene products of S. epidermidis and S. aureus to the EII protein GlcA of S. carnosus, which is a glucose-specific component of the PTS, is strikingly high (data not shown).
DISCUSSION
Several genomes of S. aureus are published, and two complete genome sequences of S. epidermidis are available. The genome of the nonpathogenic S. epidermidis ATCC 12228 was annotated recently, and the genome of the pathogenic S. epidermidis isolate RP62A is available from TIGR. In addition, the complete genomes of S. carnosus and S. haemolyticus will be available in the near future. Therefore, in the postgenomic era, small chromosomal fragments are sufficient to identify regions or genes of interest in the published staphylococcal genomes. The E. faecalis transposon Tn917 is a well-characterized tool in genetic manipulation of gram-positive bacteria for identifying genes related to characteristic phenotypes or metabolic pathways. In the present study, we established a site-specific arbitrary PCR for the rapid and easy identification of Tn917 insertion sites in S. epidermidis. As a control of functionality of this method, we used six independent and well-characterized biofilm-negative Tn917 mutants of S. epidermidis 1457. For all six of these mutants, short 5Ј and 3Ј flanking chromosomal DNA fragments could be amplified by the arbitrary PCR. A set of different primer combinations were necessary to amplify fragments sufficient for a correct identification in all mutants. By using the BLAST tool to search TIGR's database of the unfinished S. epidermidis genome, all insertion sites could be correctly identified. For all mutants, the typical 5-bp duplication at the Tn917 insertion site could be detected, completing the data for mutants for which only the 5Ј Tn917 flanking chromosomal region could be identified by cloning (30) . These results were reproducible and confirm the functionality of this arbitrary PCR method for identifying Comparison of the three annotated S. aureus genomes revealed that a large number of genes are only present in one of the three strains (2, 23) . Therefore, it it is possible that additional S. epidermidis-specific genes are missing in the RP62A and ATCC 12228 genomes, and the genome of additional clinical S. epidermidis isolates should be characterized to complete our knowledge of S. epidermidis variability and to optimize our understanding of biofilm formation and the pathogenesis of foreign body-related infections.
Using this arbitrary PCR technique, we identified the Tn917 insertion site of the biofilm-negative mutant M12 of wild-type strain S. epidermidis 1457. M12 harbors the Tn917 insertion in a homologue to the purR genes of S. aureus, B. subtilis, and L. lactis. In B. subtilis purR encodes a negative regulator of purine synthesis (52, 53) , whereas in L. lactis the regulator PurR has a positive regulatory effect on purine synthesis (17) . In B. subtilis a variety of other metabolic genes and operons are regulated by PurR (47) . The direct regulation of the icaADBC operon by PurR is unlikely due to a missing putative PurRbinding site. In addition, the gene coding for the negative regulator IcaR (6, 7) of the icaADBC operon is not preceded by a PurR-binding site. Therefore, it is could be speculated that purine synthesis plays a crucial role in biofilm formation. However, the Tn917 insertion site is preceded by a putative B dependent promoter, which could explain the biofilm-negative phenotype by inactivation of genes downstream of purR. Interestingly, in B. subtilis the B promoter within the purR gene seems to be silent (38) . In S. epidermidis, regulation of biofilm expression by B was predicted (19) , suggesting that these genes could play an additional regulatory role or could act as the mediator of the B regulation. Further experiments to elucidate the effect of these putative regulatory genes on the regulation of biofilm expression in S. epidermidis are under way.
The strongly biofilm-positive wild-type S. epidermidis 1457 displays a mucoid phenotype on Purple GlcNAc , and all as-yetcharacterized biofilm-negative Tn917 mutants displayed a nonmucoid phenotype under these conditions. A mucoid phenotype is often associated with exopolysaccharide formation (3, 24) and is associated with pathogenicity of a variety of bacteria (3, 34, 48) . However, the linkage between biofilm expression and a mucoid phenotype in S. epidermidis is unclear. To elucidate this linkage, we carried out a Tn917 transposon mutagenesis with a subsequent screening for nonmucoid mutants. Two mutants M16 and M20 with a nonmucoid but still biofilmpositive phenotype could be isolated, and the genetic linkage to the observed phenotypes could be demonstrated by phage transduction. The Tn917 insertions of M16 were identified in a homologue to the glcT gene coding for a rho-independent antiterminator in S. carnosus and B. subtilis. Homologous genes were also observed in S. aureus. The Tn917 insertions of M20 was identified in a homologue to the glcA and glcB genes of S. carnosus and the ptsG gene of B. subtilis, which represents the glucose-specific EII proteins in the PTS of these species. Homologous genes were also observed in S. aureus; however, the sugar specificity of the S. aureus homologue is not yet characterized. The homology of the inactivated genes in M16 and M20 to these components of the PTS of S. carnosus and B. subtilis suggests that sugar transport via the PTS is necessary for a mucoid phenotype. Recently, it could be demonstrated that, besides icaADBC, a glucose-dependent factor is required for PIA synthesis and biofilm formation (10) . However, sugar transport via this putative EII protein of the PTS is not essential for biofilm formation of S. epidermidis. Transcriptional analysis of glcT and glcA and investigations of the sugar specificity of the EII protein are under way to elucidate the mechanisms of the influence of the S. epidermidis PTS on the mucoid phenotype in S. epidermidis.
All of the newly identified genes involved in biofilm formation or expression of a mucoid phenotype of S. epidermidis are present in all published staphylococcal genomes (Fig. 2) , indicating an important role for these genes in the cell biology of staphylococci. However, in S. aureus the localization of the homologous genes within the chromosome is conserved, whereas in S. epidermidis the genes belonging to the PTS system are localized in completely different chromosomal areas (Fig. 2) , indicating major chromosomal rearrangements between icaADBC-positive and -negative S. epidermidis isolates.
The characterization of the new mutants gives evidence that the arbitrary PCR is a suitable tool for the rapid identification of Tn917 insertions in S. epidermidis. The primers for the established arbitrary PCR were adapted to the GC content of staphylococci. Therefore, we expect that this method is a useful tool for identifying Tn917 insertion sites of interest in all staphylococcal species.
